An emulsifier which had an environmental relationship to Reye's syndrome, when used to treated L-929 cultures, was shown to increase the rate of encephalomyocarditis virus penetration and uncoating while having no effect on the attachment of virus or on the replication of infectious ribonucleic acid. This treatment also rendered L-929 cells unable to respond normally to interferon inducers and reversed an already established interferon antiviral state. It is proposed that one or more of these actions result in the cellular enhancement of virus susceptibility.
An emulsifier which had an environmental relationship to Reye's syndrome, when used to treated L-929 cultures, was shown to increase the rate of encephalomyocarditis virus penetration and uncoating while having no effect on the attachment of virus or on the replication of infectious ribonucleic acid. This treatment also rendered L-929 cells unable to respond normally to interferon inducers and reversed an already established interferon antiviral state. It is proposed that one or more of these actions result in the cellular enhancement of virus susceptibility.
In our previous publications (2, 3, 15) , we reported that exposure to certain commercial spray emulsifiers, blends of dodecylbenzene sulfonate and polyoxyethylene ethers, altered the outcome ofcertain experimental virus infections. We proposed (12, 14) that commercial forest pesticide sprays, having as part of their fonnation emulsifiers that enhance virus susceptibility, might be involved in the etiology of an outbreak of Reye's syndrome, a virus-induced fatty visceral encephalopathy that was observed to occur locally in sprayed areas (1). In our experiments young mice exposed to spray emulsifiers responded with a significantly increased mortality and "Reye's-like" pathology after infection with encephalomyocarditis virus. In addition, the susceptibility of various mammalian cell cultures to infection with several viruses was greatly enhanced after emulsifier exposure.
To define this effect further, we have examined steps in the replicative cycle of encephalomyocarditis (EMC) virus in emulsifier-exposed cells and the interferon response in these cells. The enhancement effect was only measurable at multiplicities of infection (MOIs) of <1, and although the amount of virus adsorbed by exposed and control cells was essentially the same, the rates of penetration and uncoating appeared to be increased by exposure. That penetration and uncoating were the replicative steps enhanced by the emulsifier treatment of cells was substantiated by finding that infectious ribonucleic acid from EMC virus was as infective for control cells as for treated cells. Cells exposed to emulsifier were also less capable of producing interferon when induced. Further, the antiviral response to added interferon was significantly compromised in these cells.
MATERIALS AND METHODS
L-929 cells were grown in 10% heat-inactivated fetal bovine serum (Flow Laboratories) in Eagle miniimal essential medium containing antibiotics as described previously (10) . Visible cell counts were performed on trypsinized L-cell monolayer cultures, using trypan blue. The cells were suspended in 1.0 ml of 0.04% trypan blue in phosphate-buffered saline, pH 7.2, and cells excluding dye were counted as viable cells in a hemocytometer.
EMC virus was originally obtained from John Coulter of the University of Alberta. Virus stocks were grown in L-929 cell cultures, titrated, and stored at -70°C in titers of 108 plaque-forming units per ml.
Neutral red-labeled EMC virus (NR-EMC) was prepared by growing EMC in L-929 cell cultures "preloaded" with NR as described by Mandel (13) . L-cell monolayer cultures in 1-liter bottles were pretreated for 24 h with 10 ug of NR (Neutral Red Chloride, British Drug Houses) per ml dissolved in growth medium. Five milliliters of 107 plaque-forming units of EMC virus per ml was then adsorbed to the cultures for 1 h at 37°C. Maintenance medium (minimal essential medium plus 1% serum) containing 10 ,ug of NR per ml was then added, and the culture was incubated in the dark at 37°C for 24 h, when advanced cytopathogenicity was evident. Cultures were then repeatedly frozen and thawed in the dark, and the supernatant, after centrifugation to remove debris, was centrifuged for 3 h at 50,000 x g in the dark to pellet the virus. The NR-EMC pellet was resuspended in a minimum volume of maintenance medium and used to infect fresh cultures of NR-preloaded L-929 cells. This procedure was repeated for a total of three passages. The final preparation of NR-EMC virus was stored in the dark at -70°C until used. This virus preparation had a dark-assayed titer of 107 and was found to be totally inactivated by 3-min exposure to two 15-W General Electric fluorescent lights at a distance of 3 in. ( The responsiveness of L-929 cells to exogenous mouse interferon was also found to be compromised by exposure of cells to Toximul MP8. L-929 cells were exposed to various concentrations of Toximul MP8, and at each concentration, including the untreated control, the cultures were used without delay to titrate an interferon pool. The data are given in Table 7 . It can be seen that simultaneous exposure of cells to Toxinul MP8 and interferon results in a significantly reduced expression of antiviral activity in a dose-dependent manner.
We next tested the effect of the emulsifier on cultures prepared for assays in which exogenous interferon had been used to establish the antiviral state. A series of L-929 cell cultures was incubated with various dilutions of mouse interferon for 16 h as in our usual assay to establish a measure of antiviral potency for that preparation. The cultures were washed four times with minimal essential medium and then divided into three sets, each with a control. One set was exposed to Toximul MP8 at 50,ul/liter for 2, 4, and 6 h, respectively, before challenge with vesicular stomatitis virus. The results (Table 8) indicated that exposure of interferon-induced cells to emulsifier reversed the nonpermissive state in a time-dependent manner. Six hours of exposure was sufficient to almost completely reverse the antiviral state already established in the cells, whereas assays treated with emulsifier for 4 and 2 h were progressively less reversed compared with control assays. We were concerned to eliminate the possibility that Toximul MP8, at levels which induced enhanced susceptibility to viruses, was directly destroying interferon. We showed that incubation of interferon (8, Whether these mechanims are operative in the pathogenesis of Reye's syndrome is not answered by these experiments. It may be that an enhanced penetration step is sufficient to explain the in vitro susceptibility enhancement pheomenon but may not be relevant to the in vivo situation. More pertinent, perhaps, are the results dealing with the interferon response.
There is ample evidence (5, 7, 9 ) that interferon plays a major role in moderating many virus infections. Inhibition of interferon, by the use of interferon antiserum in vivo in the case of EMC virus in mice, results in both an increase in lethality of the viu and a profound change in the pathogenesis of the infection (6) . Not only did antiserm-treated, EMC virus-infected mice die earlier, with less virus, but the highest viu titer was found in the liver rather than in the brain as was the case for dying control mice. Death in treated mice followed a very atypical course characterized by its shortness and viral visceropathy and was not the viral encephalitis death characteristic of control EMC virus infections.
In experiments reported here, we have demonstrated an inhibitory effect of certain emulsifiers in vitro on both the induction and utilization of interferon. We have previously demonstrated that these same emuLsifiers cause an increase in the lethality of EMC viu in mouse infections and a change in the pathogenesis of such infections (2, 3) . In addition, we have recently reported (16) 
